In order to estimate the sodium conductance (gN.) of mammalian cardiac tissues, two techniques have been used: measurements of the maximum upstroke velocity (V^) of the free-running action potential, and, recently, voltage clamp measurement (under special conditions) of the sodium current (I N »). So far it has not been possible to voltage clamp the sodium current of these tissues reliably under physiological conditions (37°C and external sodium about 140 ITIM). Therefore, most laboratories have continued to use V.^, especially since the effects of certain drugs that interact with sodium channels are modified by both temperature (Sevcik, 1982) and external sodium concentration (Cahalan et al., 1980) . It therefore may be important to study the mechanism of action of these drugs under physiological conditions. In a recent paper, Cohen et al. (1984) claim that Vn^ is a very nonlinear measure of sodium conductance in mammalian heart. However, all of their comparisons between Vm^ and I N . were made at either (1) different holding potentials (Fig. 1, Cohen et al., 1984) , (2) different sodium concentrations (Fig. 4, Cohen et al., 1984) , (3) different potentials at which peaks (I N » or V^) are measured (Fig. 1, Cohen et al., 1984) , or (4) even between different preparations (Fig. 2, Cohen et al., 1984) . After careful analysis of this paper, the only conclusion I can reach is that at low temperatures, when IN. and V^,* are measured under different conditions, they may appear not to be linearly related to one another. My major objections to their paper are based on several methodical inconsistencies and on the variability of results present in their study.
(1) In their Methods section, they correctly emphasize that latency must be kept constant (2.4-2.8 msec); however, in the only experimental records shown ( Fig. 1 , Cohen et al., 1984) , V, ™ has a latency of 4.5 msec in panel A and 5.4 msec in panel B.
(2) It is well known that, for V,^ to be an accurate indicator of g^ it is absolutely necessary (among other things) that all V,n« occur at identical transmembrane potentials (V p ) so as to have comparable sodium-driving forces (Walton and Fozzard, 1979) . The authors do not state whether their experiments met this important requirement. Normally, (at 37°C and Na<, = 140 ITIM) V p occurs in the -15 to -25 mV range and the sodium reversal potential is above +50 mV, so that a small deviation of V p (a few millivolts) will result in an error in driving force of only a few percent. In the study by Cohen et al., Vnux occurred at much more positive potentials (around +25 to +30 mV in Fig. 1 ). Moreover, when the external sodium was reduced, the reversal potential for sodium was similarly reduced so that a change in V p of a few millivolts would dramatically change the relative driving force for sodium and render Vm,* totally meaningless. Actually, enlargement of their Figure 1 suggests that V,™, occurred at a more negative potential in panel B than in panel A, which would have increased the driving force for sodium and attenuated the effect of tetrodotoxin (TTX) on Vnu,. In my experience, it is frequently not possible to maintain latency and V p constant simultaneously when Vmtx is reduced by more than 50%, as was frequently the case under conditions of the experiments performed by Cohen et al., and under these circumstances, Vm^ can be considered as only a qualitative indicator, and should not be used for quantitative analysis.
(3) The results of Cohen et al. also appear to be highly variable, and this makes it difficult to be sure of the accuracy of their conclusions. For example, in Figure 2 , 3 A»M tetrodotoxin (TTX) reduced Vm^ by 27%, whereas, in Figure 1 (Cohen et al., 1984) (same preparation, same holding potential, same temperature, same sodium concentration), it resulted in only a 16% reduction of V^. Moreover, in Figure  1 , washout of TTX increased V,^ to a level 17% greater than control. Preparations that are so unstable should be judged unsuitable for quantitative experiments.
(4) The authors apparently selected very atypical data for their illustrations. In the text (page 639), they state that 3 /*M TTX reduced V,™ by 33 ± 3% (n = 4), yet the result in Figure 1 shows a reduction of only 16%. Therefore, statistically, this figure is typical of about 1 % of the population.
(5) Using a holding potential of around -60 mV provides for better voltage clamp during the time of peak sodium current, as it inactivates over 99% of the sodium channels (see Fig. 4 , Cohen et al., 1984) that normally contribute to I N . or V^. Whether this small percentage of channels that does not inactivate at -60 mV behaves in a way that is pharmacologically identical to the bulk of the sodium channel population remains to be established. Indeed, it has been shown that more than one population of TTXsensitive sodium channels exists in cardiac tissue (Ten Eick, 1984) .
(6) The current required to trigger an action potential in Figure 1 was so small that no effect of the end of stimulus can be seen on the voltage trace, even after differentiation of the signal. This suggests that the preparation had a low resting potential and that, upon removing the voltage clamp, it spontaneously depolarized to threshold. Of course, it is impossible for me to judge the quality of the other three crucial experiments, since original data were not given for those, but if the authors are like most of us, we must presume that 'examplar* represents a "typical experiment. * The extensive computer simulations in the Cohen et al. paper are based upon assumptions that, in my opinion, are too simplistic to reflect the realities of their preparation. I will, however, not comment on these shortcomings for two reasons: (1) it is possible to make similar assumptions and then to illustrate good linearity between Vm^ and I Na (Hondeghem, 1978; Walton and Fozzard, 1979) . Therefore, the linear or nonlinear argument cannot satisfactorily be settled by a computer program. (2) More importantly, single channel work has suggested that the Hodgkin-Huxley assumptions for I Na (fast activation of sodium channels combined with relatively slow inactivation) are probably incorrect (Aldrich et al., 1983) . Although calculations based upon Hodgkin-Huxley type analysis are still quite useful to compute the voltage and time dependence of the sodium channels in general, these calculations can no longer be assumed to be appropriate to define accurately the kinetics of channel opening.
Cohen et al. are convinced that their measured I accurately represents I N« (against which Vm^ is to be evaluated). I would argue that both their I m and Vnm easurements can seriously misrepresent gN » . The smaller I Na is made (with TTX or inactivation), the greater the chance that I m as an estimate of I N« or gN. will be distorted by contributions of other currents (Hondeghem, 1978; Walton and Fozzard, 1979) .
Nevertheless, throughout the literature, when IN A or Vm a x are used with proper care, both measurements are in good agreement (for reviews, see Hondeghem and Katzung, 1977, 1984; Grant et al., 1984) . I know of only two instances where a substantial difference between the two techniques was observed. In the first instance, using W Lee et al. (1981) did not observe use-dependent block for antiarrhythmic drugs. However, in recent studies with I Nl/ Bean et al. (1983) have confirmed that antiarrhythmic drugs cause use-dependent block of sodium channels, as was known for a long time from Vnux studies (Johnsen and McKinnon, 1957) . In the second case, steady state measurements of I N . indicate that TTX binding is not voltage dependent (Cohen et al., 1981) . It is not known, however, whether the action of TTX upon I Na would also be independent of voltage at 37°C and normal external sodium. Neither is it known whether the steady state reduction of Vn^ by TTX is voltage dependent at room temperature and in reduced external sodium. Such experimental determinations are required before one can claim a real difference between I Na and Vn^.
In conclusion, I agree with Cohen et al. that a direct comparison between V^ and I N . is needed. Such a study would be especially interesting if it were carried out at 37°C and in normal external sodium. However, for such a study to be useful, it is mandatory that both V,,^ and IN. measurements be made under absolutely identical conditions: same holding potential, peak measured at the same potential, same sodium concentration, same temperature, identical driving rate and pulse duration, same rest periods, etc. It is most important that both the I N « arid V,,^ measurements be of good quality. Meanwhile, because the conclusions drawn from IN. and Vmax measurements agree (nearly) all the time, I will remain of the opinion that, when used with proper care, they both can represent fairly good estimates Of gNa - 
